Cyclin-dependent kinase inhibitor 1A (CDKN1A) is an important cell cycleregulator, and has been identified to exhibit aberrant expression in various types of cancer tissues. However, the association between CDKN1A expression level and prognosis in patients with resected gastric adenocarcinoma (RGA) requires additional elucidation. In the present study, the CDKN1A expression profile in RGA tissues obtained from 217 patients were analyzed using immunohistochemistry. Its prognostic significance was evaluated by using the χ 2 test, Kaplan-Meier curves and the log-rank test, and a multivariate Cox model analysis, during a median follow-up time of 51 months. The results demonstrated that CDKN1A expression was significantly correlated with lymph node metastasis (LNM; P=0.001), recurrence (P<0.001) and overall survival (OS; P<0.001). In addition, the recurrence-free survival (RFS) and OS times were significantly shorter in patients with low CDKN1A expression compared with those with high CDKN1A expression (RFS, 20 months vs. 69 months, P<0.001; and OS, 32 months vs. 70 months, P<0.001, respectively). Multivariate analysis additionally confirmed that low CDKN1A expression was significantly correlated with an increased risk of LNM (P=0.001), recurrence (P<0.001) and mortality (P<0.001). Therefore, these data suggest that low expression of CDKN1A has independent prognostic significance indicative of tumor progression and poor survival in patients with RGA. Evaluation of CDKN1A expression may assist in determining prognosis in patients with RGA.
Introduction
Gastric cancer is the most common digestive tract malignancy that affects ~1 million people per year worldwide (1) , and >90% of these cases are gastric adenocarcinoma (GA). At present, surgery remains the primary method for treating patients with GA. Lymph node metastasis (LNM) usually indicates a poor prognosis of resected GA (RGA), as it is closely associated with widespread metastasis that will affect the survival of the patients (2, 3) . A reduced risk of metastasis and recurrence and improved survival time are the primary goals of cancer therapy. Therefore, it would be useful to identify a biomarker associated with LNM that may assist in predicting prognosis.
Cyclin-dependent kinase inhibitor 1A (CDKN1A; also known as p21), a cell cycle regulator which is encoded by the CDKN1A gene at chromosome 6p21.2, is primarily involved in mediating cell growth, proliferation, differentiation, DNA repair and apoptosis (4) (5) (6) . Data from a number of studies have demonstrated that it assists in regulating tumor development by inducing cell cycle arrest, leading to a reduction in cancer cell growth rate (7, 8) . Aberrant expression of CDKN1A has been frequently observed in different types of cancer tissues (9) (10) (11) . In the present study, in order to understand the association between CDKN1A expression and prognosis in patients with RGA, the correlation between the expression of CDKN1A and clinicopathological factors, LNM, recurrence rate, and survival in patients with RGA was evaluated by various statistical analyses.
Materials and methods
Patients. GA tissue samples for immunohistochemistry (IHC) were retrospectively collected from 217 patients who were diagnosed pathologically with primary GA and then underwent surgical resection between January 2003 and November 2008.
Information was obtained from the medical records of each patient and follow-up records subsequent to treatment were monitored until March 2013. Survival data were obtained via telephone contact and the Social Security Death Index. Recurrence was diagnosed according to the criteria described in our previous study (12) . Fluoropyrimidine-based regimens (fluoropyrimidine or fluoropyrimidine plus platinum) were used as first-line chemotherapy to treat all of the patients following resection of GA. The standards described in the guidelines of the International Union Against Cancer (UICC; 5th Edition) and the National Comprehensive Cancer Network's (NCCN) Clinical Practice Guidelines in Oncology (v.1.2011) (13, 14) were used to determine the tumor-node-metastasis (TNM) stage and histological grade for each of the tissue samples used in the present study.
For comparison of the results of western blotting and IHC, GA tissue samples from 52 cases were collected from patients with primary GA who underwent surgical resection between March 2014 and December 2015.
The study was approved by the Ethics Committee of Fuzhou General Hospital (Fuzhou, China) and all patients provided informed consent.
IHC. IHC was used to determine the levels of CDKN1A in paraffin-embedded RGA (217 cases) and normal gastric tissues (30 cases). The anti-CDKN1A antibody was obtained from ZSGB-BIO (cat. no. TA808128; dilution, 1:150; Beijing, China). IHC was performed as described previously (12, 15) . The expression intensity of CDKN1A was scored from 0 to 3 according to the standards established by Kawata et al (16) . Samples with a staining intensity of 0 or 1 were considered as low expression, and with staining intensity of 2 or 3 as high expression.
Hematoxylin and eosin (H&E) staining. H&E staining of paraffin-embedded normal gastric tissues and cancer tissues in patients with RGA were performed by a pathologist using an established methodology. The steps of H&E staining are briefly described as follows: i) Sections of tissue samples were dewaxed with xylene and washed with various concentrations of ethanol (100, 100, 95 and 80%); ii) stained with 0.5% hematoxylin for 5 min, washed with water for 10 min and then distilled water for 5 sec; iii) soaked in hydrochloric acid ethanol for 30 sec and then water for 15 min; iv) 0.5% eosinstaining for 2 min; v) conventional dehydration, transparency and neutral resins mount; vi) the results were observed using light microscopy (magnification, x200). All steps were performed at room temperature (25˚C). Western blotting. As described previously (17) , total protein from cancer tissues was extracted using RIPA lysis buffer (cat. no. P0013B) and quantified using the BCA Protein Assay kit (cat. no. P0012S), and western blotting was performed using a SDS-PAGE Gel preparation reagent kit [cat. no. P0012A: P0012A-1, 30% Acr-Bis (29:1); P0012A-2, 1M Tris-HCl, pH 8.8; P0012A-3, 10% SDS; P0012A-4, ammonium persulfate; P0012A-5, TEMED; P0012A-6, 1M Tris-HCl, pH 6.8; SDS-PAGE Sample Loading Buffer (5X), cat. no. P0015], blocking buffer (cat. no. P0023B) and enhanced chemiluminescence reagents (ECL; cat. no. P0018) (all of the above reagents were from Beyotime Institute of Biotechnology, Haimen, China). Briefly, the proteins (30 µg per lane) were subjected to SDS-PAGE gel electrophoresis (concentrated gel, 5%; separation gel, 12%) and then transferred to polyvinylidene membranes. Following incubation with blocking buffer at room temperature for 30 min, the membranes were incubated with primary polyclonal rabbit anti-human CDKN1A antibody (cat. no. SC-397; dilution, 1:300; ZSGB-BIO) or primary polyclonal rabbit anti-human GAPDH antibody (cat. no. 2118S; dilution, 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA) overnight at 4˚C. Following three washes with TBST the membranes were incubated with secondary goat anti-rabbit antibody IgG-horseradish peroxidase (cat. no. M21002M; dilution, 1:2,000; abMart Company, Shanghai, China) for 4 h at room temperature. Finally, the bands were visualized using ECL and analyzed with a chemiluminescence imager system (Image Quant LAS4000 mini system; GE Healthcare, Chicago, IL, USA).
Statistical analysis. SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used to conduct data analysis, including the correlation between CDKN1A expression and the clinicopathological characteristics and prognosis of patients. The methods used in this analysis were the χ 2 test, and Kaplan-Meier and log-rank analyses of recurrence-free survival (RFS) and overall survival (OS) times in months. Additionally, univariate and multivariate Cox models were used to assess the prognostic ability of known unfavorable pathological factors, and the correlation between CDKN1A expression profiles and recurrence or survival. The agreement between CDKN1A expression detected by western blot and immunohistochemical analyses was evaluated by Spearman's rank correlation analysis. All tests were two-sided, and P<0.05 was considered to indicate a statistically significant difference.
Results
Clinicopathological characteristics of patients. The clinicopathological characteristics of the 217 RGA patients are summarized in Table I . All patients had received fluoropyrimidine or fluoropyrimidine plus platinum agents as first-line chemotherapy for an average of 4 cycles following resection. The patients comprised 153 males and 64 females; 135 patients were <60 years old, and 82 patients were ≥60 years old, the median age was 60 years. At the time of resection, 147 patients (67.7%) presented with LNM. In 145 cases (66.8%), the tumors were moderately or well-differentiated, while the remaining 72 cases (33.2%) exhibited poorly differentiated histology. By the end of follow-up, 126 had developed recurrent disease, and 116 patients had succumbed to the disease. The median times to recurrence and mortality were 41 and 54 months, respectively. The median time of observation was 51 months.
CDKN1A expression and correlation between CDKN1A expression and clinicopathological characteristics.
CDKN1A exhibited differential expression patterns in RGA and normal gastric tissues. In normal gastric tissues, CDKN1A protein was located mainly in the cell nuclei, whereas CDKN1A protein exhibited nuclear and cytoplasmic expression in RGA tissues. Representative IHC results of the different intensities of CDKN1A expression in RGA tissues and in normal gastric tissues are presented in Fig. 1 , along with their corresponding H&E staining results. Representative western blot results are shown in Fig. 2 . Resected tumor tissues from 118 cases (54.4%) of RGA exhibited high CDKN1A expression, whereas those from 99 patients (45.6%) demonstrated low CDKN1A expression (Table I) . As summarized in Table II , CDKN1A expression was significantly associated with LNM (P= 0.001), recurrence (P<0.001), and survival (P<0.001), as determined by χ 2 test. No significant associations between CDKN1A expression and other clinicopathological characteristics, including age, gender, histological grade, gross pathology, tumor site, and postoperative chemotherapy, were observed (Table II) .
Identification of prognostic factors associated with OS. The 5-year OS rate of the entire patient group was 46.5% (Table I) . Data from the χ 2 and log-rank tests indicated that patients with low CDKN1A expression exhibited a significantly poorer survival rate (25.3%; χ 2 P<0.001) and lower median OS time (log-rank P<0.001; Tables II and III) Results from the univariate and multivariate Cox analyses additionally confirmed that positive LNM (P<0.001 and P=0.006, respectively), advanced T stage (T3/T4) (P<0.001 and P=0.001, respectively), postoperative chemotherapy with fluoropyrimidine only (P= 0.003 and P= 0.003, respectively) and low CDKN1A expression (P<0.001 and P<0.001, respectively) were significantly associated with increased risk of mortality (Table IV) . Taken together, these data suggest that CDKN1A was a statistically significant independent prognostic significance for OS in patients with RGA. Table II . Association between CDKN1A expression and characteristics of patients with resected gastric adenocarcinoma (n=217). Identification of prognostic factors associated with recurrence risk. The overall recurrence rate of the whole patient cohort was 58.1% (Table I) . Data from the χ 2 and log-rank tests indicated that patients with low CDKN1A expression exhibited a significantly higher recurrence rate (79.8%; χ 2 P<0.001) and lower median recurrence-free survival (log-rank P<0.001) compared with those with high CDKN1A expression (Tables II and V) . As demonstrated in Table V , other factors identified by χ 2 and log-rank tests to be associated with a higher recurrence rate included LNM (P<0.001 and P<0.001, respectively), and T3/T4 stage (P<0.001 and P<0.001, respectively). The results of the Kaplan-Meier analysis indicated that patients with low CDKN1A expression exhibited a significantly shorter RFS time compared with those with high CDKN1A expression (median, 20 vs. 69 months, P<0.001; Fig. 3B ). Results from the univariate and multivariate Cox analyses demonstrated that LNM (P<0.001 and P=0.001, respectively), advanced T stage (P<0.001 and P=0.003, respectively), postoperative chemotherapy with fluoropyrimidine only (P=0.038 and P=0.007) and low CDKN1A expression (P<0.001 and P<0.001) were significantly associated with increased risk of recurrence (Table VI) . Taken together, these data suggest that CDKN1A was a statistically significant independent prognostic significance for recurrence risk in patients with RGA.
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Identification of risk factors associated with LNM.
At the time of surgical resection, 79 of 99 patients (79.8%) with low CDKN1A expression presented with LNM, compared with 68 of 118 patients (57.6%) with high CDKN1A expression, a difference that was identified to be significant (P= 0.001 by χ 2 test; Tables II and VII) . Univariate and multivariate logistic regression analyses additionally demonstrated that low CDKN1A expression was significantly associated with increased risk of LNM (P=0.001 and P=0.001, respectively). Table III . Association between OS and characteristics of patients with resected gastric adenocarcinoma (n=217). also significantly associated with LNM (Table VII) . Taken together, these data suggest that CDKN1A was a statistically significant independent risk factor for LNM in patients with RGA.
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Correlation between western blot and IHC analyses for detection of CDKN1A. As presented in the representative results of Fig. 2 , CDKN1A protein levels in tissues from 52 patients with RGA detected by western blotting and IHC exhibited a good correlation (r=0.872, P<0.001), which was obtained by scanning the western-blot bands with the gel analysis system to obtain the gray value, and then performing Spearman's rank correlation analysis to analyze the correlation between the gray values and their corresponding IHC scores so as to plot the scatter plot (Fig. 4) . These data suggest that CDKN1A expression in RGA tissues may be determined by either western blotting or immunohistochemical analysis.
Discussion
The results of the present study demonstrated that low CDKN1A expression in GA tissues was associated with LNM and poor prognoses, as indicated by the shorter survival times and increased recurrence risks in these patients. Thus, CDKN1A appears to have independent prognostic significance in patients with RGA. Previously published data have demonstrated that CDKN1A is a tumor suppressor due to its ability to induce cell cycle arrest (18) (19) (20) (21) . Confirming this role, downregulation of CDKN1A has been identified in different cancer tissues, and has been associated with poor prognoses in various types of human cancer, such as pancreatic and colon cancer, primary hepatocellular carcinoma, early-stage human papillomavirus-associated lung cancer and ovarian cancer (4, (22) (23) (24) (25) (26) (27) . Khalili et al (28) revealed that low CDKN1A expression level may be associated with Table V . Association between recurrence and characteristics of patients with resected gastric carcinoma (n=217). gastric cancer initiation and progression. However, there have been conflicting results in terms of the CDKN1A expression profiles in different cancer tissues. Certain studies have identified that CDKN1A overexpression in cancer tissues is associated with tumor aggressiveness and poor survival: Dai et al (29) suggested that CDKN1A expression in breast cancer tissues was correlated with LNM and poor survival of patients with breast cancer, and increased MDA-MB231 breast cancer cell migration and invasion via transforming growth factor β-mediated mothers against decapentaplegic homolog 3 acetylation. In addition to the aforementioned studies (4, (22) (23) (24) (25) (26) (27) , there have been other investigations indicating that low expression of CDKN1A in various cancer tissues is associated with poor prognosis (30, 31) . The molecular mechanism by which different CDKN1A expression levels affect prognoses in patients with different types of cancer remains unclear and requires additional investigation. The present study identified that low expression of CDKN1A in RGA tissues was associated with poor prognosis in patients with gastric cancer. As CDKN1A is a tumor suppressor, we hypothesize that epigenetic changes, such as promoter methylation, may be one of the mechanisms underlying the low CDKN1A expression in RGA tissues; promoter methylation is capable of inhibiting gene transcript and protein expression, as identified by Watanabe et al (32) , who suggested that abnormal genomic methylation may be involved in the reduced expression of CDKN1A in adult T-cell leukemia/lymphoma (32) . A study conducted by Nie et al (33) indicated that long noncoding RNAs (lncRNA) may also serve a role in regulation of CDKN1A transcription; the authors demonstrated that the lncRNA antisense noncoding RNA in the INK4 locus was upregulated in non-small cell lung cancer (NSCLC) tissues, and that this lncRNA promoted NSCLC cell proliferation and inhibited NSCLC cell apoptosis through the inhibition of Krüppel-like factor 2 and CDKN1A transcription (33) . These studies additionally demonstrate that CDKN1A is a key regulator of the cell cycle, and may be a target for cancer treatment.
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In conclusion, the present study indicated, via multiple statistical analyses, that low expression level of CDKN1A in RGA tissues was significantly associated with LNM, a shorter survival time and a high recurrence rate and risk of mortality. CDKN1A demonstrated important prognostic significance, and may be used as an independent prognostic factor for patients with RGA. 
